OBJECTIVES: The purpose of this study was to develop a new scoring system for the prompt recognition of clinical deterioration and early treatment in postoperative cardiac surgical patients.
INTRODUCTION
Recently, there has been increasing interest in measuring the quality of health care. However, a quantitative measurement to compare performance between healthcare institutions might not be objective enough. Such comparisons should be based on a performance indicator that reflects the quality of care more precisely. For this purpose, a prognostic model should be used to adjust observed outcomes for case-mix differences between institutions, therapists and even between different remedies [1] . The aim of comparing case-mix adjusted outcomes is to identify high-and low-performance institutions and thereby to identify the processes of care that result in better or worse outcomes [2] . The role of scoring systems in this field cannot be overseen. Unfortunately, some cardiac surgical centres are still underestimating and neglecting this whole process of risk stratification. The main reason of this negligence is the time-consuming complexity of such available models.
We aimed in this study to introduce the first postoperative intensive care (ICU) cardiac surgical scoring model that does not need a detailed data input and works through the meanwhile widely available personal digital assistants (PDAs) and smart phones (SPs) in order to simplify this process.
MATERIALS AND METHODS
This study included an evaluation of prospectively collected data of all consecutive adult patients admitted to our ICU after cardiac surgery between 1st January 2007 and 31st December 2010 to create the logistic scoring model specifically developed for postoperative cardiac surgical patients. The new model was designed so that its variables were divided into different categorical dropdown lists to avoid time-consuming direct numerical data input. A compatibility with the modern available SPs and PDAs was designated to avoid the need for an ICU clinical information system (CIS), which allows its use as a rapid bed-side test more frequently. Hence, we named it RApid Clinical Evaluation (RACE).
Our study was approved by the Institutional Review Board of our university (approval number: 2809-05/10). We considered only the first admission for patients who were re-admitted to the ICU during the study period. Demographic and laboratory data were collected from our quality control system QIMS 2.5 (University Hospital of Muenster, Germany) and from our intensive care information system COPRA 5.24 (COPRASYSTEM GmbH, Sasbachwalden, Germany), which is interfaced with the patient monitors (Philips IntelliVue MP70, Amsterdam, Netherlands), ventilators (Draeger Evita IV, Luebeck, Germany and Hamilton Galileo, Bonaduz, Swizerland), blood gas analysing devices (ABL 800Flex Radiometer, Copenhagen, Denmark) and the central laboratories. The attending physician collected the data daily. Two assigned medical clerks validated the data collection daily. A senior consultant performed a second periodic validation. Inconsistency between the evaluators was resolved by consensus. There were no missing data. Primary endpoint was defined as ICU mortality.
Since this new scoring system (RACE) is considered a specific modification (for PDAs and SPs) and a third generation of our known, established [3, 4] and already externally validated [5] [6] [7] cardiac surgery score (CASUS), we did not need to divide our study population into two independent consecutive patient sets (construction set and validation set).
RACE was calculated based on the most abnormal value for each variable per day as described in our previous studies [3] [4] [5] [6] [7] . Widely used variables of individual organ system function that met our requirements for validity, reproducibility and responsiveness were re-evaluated. These variables were chosen from the additive and logistic CASUSs (Tables 1 and 2 ) [4, 6] . In this reevaluation, we aimed to achieve two goals: first, we converted the metric scaled variables of the logistic CASUS into categorical ones (serum creatinine, serum bilirubin, blood lactate and platelets count). This conversion allowed presenting these categories of different score variables in PDAs and SPs as drop-down lists; the second goal was to decrease the number of categories of different variables without affecting their accuracy at predicting ICU mortality. This step was necessary for the new score to achieve the simplicity and rapidity sought in this modification.
Two of the variables in the logistic CASUSs (oxygenation index and pressure-adjusted heart rate) were replaced by other two simplified descriptors (intubation and mean arterial pressure) for the sake of the above mentioned aims.
Statistical analyses
We followed the same statistical methods presented in our previous studies [4] [5] [6] . Different cut-off points (of metric variables) for increasing the risk of ICU mortality were re-calculated, and accordingly all categories of variables were modified or approved. These new cut-off points were obtained by maximization of the χ 2 statistics using discretization methods. These discretization mathematical methods refer to the process of converting continuous into categorical scale data [8] . This discretization method is a globally accepted method in the process of converting continuous features or variables into discretized or nominal features for creating probability mass functions.
After omitting some categories and replacing two variables (Tables 1 and 3 ) and using the logistic regression analyses, regression coefficients were calculated for all categories of the RACE score ( Table 3 ). The adjusted probability of mortality for our study population was calculated, accordingly, using the logistic model with the standard formula:
Predicted mortality
where β 0 is the constant of the logistic regression equation and β i the coefficient of each variable in the logistic regression model. x i = 1 when the variable is present and x i = 0 when the variable is absent.
Calibration
Calibration was analysed according to the observed/expected ratio (O/E ratio), which represents the ratio of the actual observed (O) mortality (ICU mortality in this study) to the predicted (expected) mortality (E) by the score model. 
Overall correct classification
The overall correct classification (OCC) ratio was calculated for each scoring system. OCC is defined as the ratio of correctly predicted survivors or non-survivors (as expected by the model) relative to the observed survival and mortality in the whole study population (in contrast to the accuracy at predicting individual patient's risk of mortality tested by the discrimination analysis).
Discrimination statistical analysis
Discrimination (ability of a scoring system to differentiate between survivors and non-survivors individually) was evaluated by receiver-operating characteristic (ROC) curves. These curves plot the sensitivity (true-positive cases) against 1-specificity (falsepositive cases) for different cut-off points of the score. The area under the curve (AUC) indicates the discriminative ability (accuracy of the score in predicting mortality). An AUC of 0.5 is equivalent to a random chance, AUC >0.8 indicates a good accuracy of the model and AUC >0.9 indicates an excellent accuracy of the model. More specifically, the ROC test is used to determine the ability of a score in identifying the individual patient's risk of mortality.
RESULTS
Over the study period of 4 years, 5207 adult cardiac surgery patients (37.6% were female) were admitted postoperatively to our ICU. The mean age and length of ICU stay were 67.2 ± 10.9 years and 4.6 ± 7.0 days, respectively. ICU mortality was 5.9%. Patients' demographic characteristics and types of surgical procedures performed are summarized in Table 4 . Table 3 demonstrates the number of patients in each category of the logistic RACE model in Day 1. Table 5 summarizes the overall correct classification, the discriminatory power (AUCs) and the calibration of RACE model. RACE had excellent discrimination on all days with AUCs of ≥0.900. The best results were on Day 2 (AUC = 0.959). Figure 1 demonstrates the ROC curve of RACE score in the second postoperative day.
The best OCC ratio was also achieved on the second day (99.7%). The calibration of the RACE score was good for all days (1.002-1.262).
DISCUSSION

Statement of key findings
In this study, we present the first postoperative logistic risk stratification model designed specifically for hand-held computer devices (PDAs and SPs). This score considered the simplicity in its calculation by avoiding direct numerical data inputs and limiting their entry to drop-down lists. The time needed for score calculation, as bed-side test, did not exceed few seconds for each patient. Moreover, the selected variables are readily available, as routine daily measurements, for each cardiac surgical patient in any ICU without any need for electronic calculation. The accuracy of the RACE score was high in a cohort of over 5000 patients that covered the whole spectrum of cardiac surgery.
Importance of risk stratification in ICUs
The process of risk stratification in critically ill patients is used to recognize and categorize the individual patient's risk upon ICU admission and during the whole ICU stay. This categorization is inevitable for a proper allocation of resources and manpower in health care [9, 10] . This is true not only in choosing the right treating doctor for the estimated risk level of the case, but also in the decision-making and planning of the right procedure to be performed. In cardiac surgery, preoperative decision-making using the EuroSCORE [11] or STS score [12] is now beyond debate and has been considered a base to chose patients even for evolving new techniques, e.g. in transapical aortic valve implantation [13] .
Unfortunately, some cardiac surgical centres still do not set high value on this process. This is due to two main reasons: first, the limited availability of some models (for example, due to copyright protection [14] ), and secondly, the complexity of these models that includes many variables and more categories, which necessitates a time-consuming electronic calculation and requires a special software in the ICU. To overcome these drawbacks, it was necessary to develop a scoring model that covers four main aspects: availability, simplicity, rapidity and reliability. 
Availability
Availability does not only mean that the scoring model could be downloaded free of any charges; it also means that the score could be used anywhere in the ICU without any need for costly network connection. The widely used new generations of PDAs and SPs nowadays allow this mobility. This was our main goal during the development of the RACE score. Our RACE score can be found on the following homepages http://www.cardiac-icu.org (English version) and http://www.cardiac-icu.de (German version).
An Applet (Fig. 2) for iPhone, iPad and iPod touch is available for free on the iTunes App store: http://itunes.apple.com/us/app/ cardiac-icu/id389965786?mt=8. Bearing in mind that some ICUs are still deprived of a CIS, such a mobile score could be the only way for them to adopt the risk stratification process in their patients. More importantly, the mobile device should not need any data transfer. This means that the type of data to be given should not be complex and could be found at bed-side in any ICU, which implicates simplicity of the model, as follows.
Simplicity
Our RACE score is actually the first model that includes only categorical variables. There is no need for any numerical input except for the ICU day, which was simplified through limiting the entry to the first 13 days in ICU and by using a sliding scale. The regression coefficients of ICU day after the 13th day were stable and did not show any significant increase.
All variables of the RACE score are simple parameters obtained from the daily routine in any cardiac surgical ICU. They do not need any calculation as in other scoring systems (e.g. pressureadjusted heart rate, oxygenation index or Glasgow coma scale). We avoided the inclusion of any therapeutic measures that differ from hospital to hospital and even from physician to physician within the same hospital. This avoidance was recommended by other groups [15] to avoid biases, although they did include such variables in their scoring models. The total number of variables in the RACE score is only 11.
Rapidity
The introduction of the CIS has improved the performance in ICUs. However, unlike the general belief, it did not reduce the documentation time significantly [16, 17] . Even if it is fully automated, the calculation of scoring models in the CIS (as in the COPRA system in our study) needs to be continuously evaluated by the attending physician for incorrectness. This might be more time consuming than calculating the score itself. In other words, entry of data is, and will always be, carried out through the attending physician, and the CIS can never replace this completely. Hence, saving time will not be achieved through automation of the process of risk stratification. Otherwise, it would be better achieved by simplifying the process of data entry. This was our goal with the RACE score. Time needed to calculate the RACE score did not exceed 4-12 s for each patient. This allows its calculation more than once daily, if needed. Such an advantage might lead to more acceptance and availability of risk stratification in ICUs.
Reliability
In recent years, there also has been an increased trend towards publishing performance data and performance-based league tables (i.e. rank-order listings). Such publications can lead to disciplinary measures against hospital organizations and to changes in the behaviour of patients and providers. Therefore, the reliability of performance assessment and performance comparison is increasingly relevant [18, 19] . Accordingly, a scoring model must be specifically developed for a certain patient subgroup (e.g. cardiac surgical patients). Showing a good reliability in calibration and discrimination analyses (Table 5 and Fig. 1 ), RACE score serves as a reliable tool for performance comparison on institutional level (good calibration) and individual patient's risk level (good discrimination). Our study design cared to include all varieties of cardiac surgical procedures to facilitate risk stratification for all cardiac surgical patients using only one score.
STUDY LIMITATIONS
As RACE score was considered to be a modification of our previous two versions of externally validated cardiac surgery score (additive CASUS and logistic CASUS), it was not necessary to divide our study population into a construction set and a validation set. However, a further external validation in a larger subset is recommended. Further evaluation and even testing its reliability in different subgroups of cardiac surgical procedures would be interesting in future studies. This subdivision was not performed in the present study to avoid a very complex statistical analysis that might exhaust the reader and deviate his interest from the main goal of introducing a very simplified scoring model.
CONCLUSION
RACE is a very simple, logistic risk stratification model for cardiac surgical patients. It is the first model that was specifically designed for hand-held computer devices. We recommend its external validation in larger patient subsets.
presenting something in this field, the situation where you have a night shift in the intensive care unit. Normally in most of our hospitals and institutes there are almost always two physicians, one of whom is experienced and the other a beginner, and you have to divide the patients in the Intensive Care Unit between them. Of course, you can rely on your clinical sense, which will be always the number one method and the last thing that you refer to. But it is very nice to have a scale with numbers and statistics to know which patients are high-risk patients and which patients are the low-risk ones. Accordingly, I will answer your first question with another question: would you please define a high-risk patient for me?
Concerning your next question, I did not divide the study into a construction set and a validation set because this new score (the RACE) is considered to be a modification of our old CASUS score. In CASUS we calculated it in a developmental set (construction set), and we validated it afterwards externally in another independent subset, in another institution. Here in the RACE score, we just modified the cut-off points and the categories of CASUS. That is why I omitted this division into construction and validation sets in the new score. Of course, I agree with you. I will be very glad if you validated my score externally, internally, or even with crossvalidation. Our study here is just an introduction, and I hope we will start soon with a multicentre external validation.
Dr A. Kappetein (Rotterdam, Netherlands): I looked it up on the App store, and if you type in 'RACE,' you get more than 5800 hits. And one of the games is 'Race or Die 2,' so I do not think that this is the correct App.
Dr Badreldin: Our App is called 'Cardiac ICU,' and our home page is www. cardiac-icu.org. You can find our App on this home page, and it is totally free.
Dr T. Kieser (Calgary, Canada): I understand in principle what you are doing, but I have worries that this might be a detriment to patients. If you are walking around at the bedside and you see this person who has a 95% chance of dying, I have intensivists who tell me (not often, thank God, and not all the time), who might say 'What is the point? We are going to turn him off'. I mean, I am an eternal optimist. I know that. But this really bothers me because we have gone through all this work to operate, and then you go two days later, 'sorry, bye-bye'.
Dr Badreldin: My score system will never replace your experience in decision-making, but of course you have read the guidelines of the European Association of Resuscitation, and, for example, guidelines based on goaldirected therapy according to lactic acid levels and deciding when to stop the management are there. I think we should give ourselves the chance to define the cut-off points and to use them as a tool to support our decision. When you decide for something and I decide for something else, we have to find somewhere a scale, a reference, to judge between our two decisions, but it is not a replacement for clinical sense.
Dr Kieser: No, I agree; a guide I am happy with. Dr Y. Balbaa (Cairo, Egypt): I have a very brief question. When you get these results of percentage mortality every day, for example, do you convey this information to the relatives? Dr Badreldin: That is one of the functions of the scoring systems. I think the relatives will understand me better when I say 'your relative has a 40% chance' rather than if I say 'it does not look good'. I think it makes everything easier.
Dr Kappetein: Perhaps it may soon be available in the App store so then the family of the patient can also check the store.
Dr Badreldin: They can calculate it themselves.
